LA-UR -83-2567 -

Los Alamos Natonal Laboralory is operated by the University of California for the United States Department of Energy undaer contract W-7405-ENG-36.

LA=UR=~33-2557

DEG: 001400

TTE  IMPROVED ACTIVATION CROSS SECTIONS FOR VANADIUM AND TITANIUM

E]

AUTHOR(S): D. W. Muilr ard E. D. Arthur

suBMITTED T0:  The Third Topical Meeclig on Fusion Reactor Materials,
Albuquerque, New Mexico, September 19-22, 1983

DISCLAIMER

‘This report was prepared as un account of work sponsored by an agency of the United States
Government. Neither the United St::us Giovernment nor uny agency thereo’, nor any of their
employecs, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the uccuracy, completencas, or usefur:ess of any information, apparatus, product, or
process discloazd, o represcnts that its use would not infringe privately owned rights. Refer-
ence herein to any speciiic commerciul product, process, or sorvice by trade name. trademark,
manufacturer, or otherwise docs not necessarily coi ‘itute or imply its endorsement, recom-
mendation, or favoring by the United States Goverament or any agency thereofl. The viewn
and opinions of puthors expressed herein Jdo not necemnarily state or r=flect those of the
United States Government or any agency thercof,

By acceptance of thig article, the publisher recognizes thét the U S Governmenl! retains & nunenclusive. royalty :1ee license to p.blish or reproguce
the published form of this contribulion, or to aliow others lo do so, for US Government purposes

The Los Alamon Nalonal Laboralory requests that ihe publisher igentily this arlicle #s work performed under the auspices ol the U S Depsrtment of knergy

MASIER
OS RAIGINNOS 12 AameaNow oo 7545

ST 3 1 e s 40 Mg

TORM NO 836 A
81 NO 2820 /01

/N


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


IMPROVED ACTIVATION CROSS SECTIONS FOR VANAGiuM AND TITANIUM

Douglas W. MUIR and Edward D. ARTHUR

Theoretical Division, Los Alamos National Laboratory, Los Alamos, New Mexico, U.S.A.

Vanadium alloys such as V-20Ti and V-Cr-Ti are attractive candidates for use as structural
materials in fusion-reactor blankets. The virtual absence of long-lived activation products in
these alloys suggest the possibility of reprocessing on an intermediate time scale. We have
employed the modern Hauser-Feshbach nuclear-model code GNASH to calculate cross sectiosns for
neutron-activation reaciions in %0V and %!V, to allow a more accurate assessment of induced
redioactivity in vanadium alloys. In addition, cross sections are calculated for the reactions
4€7i(n,2n) and *%Ti(n,2n) in order to estimate tive production of 447i, a 1.2-MeV gamma-ray

source with a half-1ife of 47 years.

1. INTRODUCTION

Vanadium elloys (such as V-20Ti and V-Cr-
Ti) are attractive candidates for use as struc-
tural materials in fusion-reactor blankets both
because of good mechanical properties at high
temperatures and because of favorable activa-

1 The virtual absence2 of

tion characteristics.
long-1ived neutron-activation products of
vanadium, titanium, and chromium suggests the
possibility of reprocessing and recycling
vanadium-alloy blanket components after reason-
ably short cooling times (perhaps 20-50 years).

As discussed in Sections 3 and 4, we have
used the nuclear-model code GNASH to calculate
cross sections for several neutron-activation
reactions in vanadium and titanium, in order to
al'ow an accurate assessment of induced radio-
activity in the time scale of interest for re-
cycling, namely, 1 to 100 years. In addition,
we have reviewed the available decay data for
the radionuclides produced.

2. CALCULATIONS OF RADIOACTIVITY [INDUCED IN
v=-20T14
If one assumes that the noble-gas activa-
tion product 4ZAr (th = 33 y) can be removed,
for example by heating, <nd {f one further as-
sumes that the activation of impurities can be
neglected, then the gamma-ray dose near an

irradiated blanket component manufactured from
V-20Ti will be dominated, in the first few
years after removal from the reactcr, by x-rays
and internal bremsstrahluny photons from 49V
(tk = 0.9C y). After several years, most of
the dose wi!ll come from hary gamma rays from
‘4Ti (th = 47 y). A summary of the decay
properties of these two nuclides is given in
Table I, along with the relevant 14.1-MeV
production cross sections calculated with
GNASH.

For radioactivity calculations, we have
adopted an operating scenario in which a first
wall of V-20T{ alloy fs irradiated at a neutron
wall loading of 10 Nv/mz for a period, t, of
two years (see Ref. 2). ‘he neutron source is
assumed 0 be uniformly distributed over a
plasm region which extends from the center of
a cylindrical vacuum vessel out to a plasma
radius r_, assumed to be equal 1.0 0.7 times the
first wall radius "' For this value of rp/rw,
and independent of the actual wal) radius, the
flux of unscattered 14 1-MeV eutrons arriving
at the first wall will be 1,69 times the 14.1-
MeV neutron curren’, wh.ch at 10 MV/mz 15 4.44
y 101‘ n/cm2 sec. The first-wall uncollided
flux, o, fs then 7.50 x 10*
shown in Section 4, all of the p-oduction reac-

n/cm2 sec. As

tions of {nterest here have high thresholds



and steeply rising excitation functions. Be-
cause of this, it is a reasonable approximatior
here to calculate radionuclide production rates
from ¢ alone, fignoring the contribution from
lower-energy scattered neutrons.

TABLE 1I.
Activation and Decay Data for V and Ti

Cross Section at 14.1 MeV

51y(n,2n) 0.524 b
50y(n, 2n) 0.692 b
4614(n,2n) 0.0124 b
A514(n,2n) 0.0926 b
Photons

Half Life Photon Energy Per Decay

¥y 090y ~ 300 kev® ~ 0.0003"
4.5 keV© 0.196
My ary 2.656 MeV 0.001
1.499 Mev 0.009
1.157 Mev 0.999

%Internal bremsstrahlung accompanying electron
capture. The spectrum is a broad continuum
extending from O up to 616 kev. (See Ref. 3.)

bAbsolute intensity estimated from tEq. (8) of
Pef. 4,

Cprivate communications frcm J. K. Tuli and O.
.. Kocher.

In th.. spproximation, at the end of the ir-
radiat .on, the ratio of ‘9v to initial total
vanadium atoms will be

D49 . 0.9975 x (og. & t) % (0. ¢ &) x 0.636
ny : 51 50 ¥ 2 '

+ 0.0025 (050 ¢ t) x 0.510 ,

where the first contribution results from the
two-step process (SIV*SOV*‘QV). while the
second results from direct production from
the 0.25% abundant 5OV fn natural vanadium,

The fractions 0.636 and 0.510 are the respec-
tive probabilities that a 49V atom born during
the reactor irradiation will survive until the
end of irradiation in these two production
modes. Inserting numerical values from Table
I, we obtain

n -
2 =302 %107, (1)
v
with about 86X of the 49V atoms resulting from
the two-step process
Similarly, the ratio of 4411 atoms to ini-
tial total titanium atoms is calculated as

Dan

ey = 0-082 % (946 0 1) > (0

a5 ¢ Tas)

where a5+ the average lifetime of a 4511 atom,
is 1.6C x 104 s. Again inserting numerical
values, we obtain

n
L R B

(2)
M1y

In spite of the very low gamma-ray {ntensitly

from 49

V decays, it is clear from the results in
Eqs. (1) and (2) that, at early times, 49V will

dominate ‘Ari as & source of energetir gamma

rays. It {s also clear that, after about ten

years of storage, 44Ti will dominete.

It {s of interest to evaluate the gamma-ray
dose rate at the surface of a large, thick
sheet of V-20T{ alloy. A useful furmula for

this s given in Ref. 2,

- “5 - B
Dose (R/h) = 6.57 » 10 ~ ) Ha 5Y o (N
all y lines

where ﬁa s the energy absorption coefficicnt

of atr (em? g"1), b s the linear attenuat:on



coefficient of the alloy (cm2 g'l). SY is the
rate of gamma-ray energy emission per unit mass
(Mev g'1 s1), and B is the gamma-ray dose
build-up factor, a number around 2. At late
times, this result will be dominated by the
1.16-MeV gamma-ray from “Ti. Substituting the
appropriate values in kg. (3), we obtain the
late-time dose rate,

-t/47

Dose = 2 x 2.25 mR/hour

where t is measured in years.

This level of radiation is about equal to
the 1imit set by the U.S. gcvernment for rsdia-
tion workers (1250 mrem in any 3-month period).
wWhile certainly not negligible, it probably
would not present a serious obstacle to perform-
ing industrial operations, such as fabrication,
with recycled V-20Ti. Of course, a definitive
statement regarding the feasibility of recy-
cling cannot be made here, since we have not
included the dose from the activation of impuri-
ties.

3. CROSS-SECTION CALCULATIONAL METHUDS

In order to obtain the activation <ross sec-
tions used 1in this study, we employed the
GNASH5 multistep Hauser-Feshbach nuclear model
code. This coue handles complicated reaction
chains and incorporates nhysics features, such
as preequilibrium emisstion, necessary to ade-
quately describe 14-MeV rneatron interactions
with nuclei. However, to utilize such a code
effectively, 1input parameters must bec deter-
minets using a wide variety of data sources,
not {ust those directly rr,sted to the calcu-
lational problem of {nterest. For example, the
theorntical descriptinn o1 neutron emission
requires wnowledge of neutron transmission co-
efficients over an extended energy range
(~0.1-20.0 MeV).
rptical mocdel parameters obtained by simul-

These we calcuiaste using

taneous fits to resunance data (s- and p-wave

strengths, scattering radiis), as well as total
and elastic cross sections. We followed such a
procedure to fit data pertinent to the titanium
and vanadium isotopes of interest here and the
resulting neutron optical pcrameters appear in
Table I1.

We likewise followed a similar procedure for
charged particle transmission coefficients. We
began with globa)l parameter sets7'8 and ad-
Jjusted them to optimize agreement with experi-
mental data, principally elastic-scattering
angular distributions and nonelastic cross sec-
tions. The resulting parameters were further
validated through (p,n) and (o,n) cross-section
calculations for nearby nuclei. Since several
of the nuclei of interest to this study exhibit
significant amounts of neutron-induced charged-
particle emission, the proper hehavior of these
transmizsion coefficients is essential to the
correct theoretical description of such proc-
esse;, particularly (n np) reactions,

Independent dats were likewise used i1 the
determination of the remaining input param-
eters, ir particular, the gamma-ray strength
function and the nuclear level density. for
the =trength function, we assumed a giant-di-
’ and normalized 1t to
reproduce (n,y) cros- sections for several
The form of the
nuclear level density was taken tc be that
given by the Gilbert-Cameron model.lo This
mode! was utilized in conjunction with the

maximum amount of discrete nuclear level infor-
11

pole resonance shape

nuclef in this mass region

mation availables for each residucl nucleus
occurring in the reaction sequence. To deter-
mine the pertinent model parameters, we simul-
taneously fitted data for the cumulative number
of tlevels occr~ring at a given excitation
energy as well as available s-wave resonance-

spacing 1nfonnnt¢on.6



TABLE II

Neutron Optical Parameters Obtained
for Titanium and Vanadium Isotopes*

r )
Ti v = 49.46 - 0.192E 1.261 0.6
NVOL = -0.544 + 0, 39¢ 1.261 0.6
Vso = 6.2 1.12 0.47
HSD = 3.975 + 0.074F 1.364 0.42

for En>6 MeV

Wep = 4.419 - 0.1(E-6) 1.364 (.42

v V= 48.86 - 0.43F +
0.0003£2 1,292 0.6076
WyoL = -0.207 + 0.253F  1.292  0.6076

VSO = 6.2 1.12 0.47

VSD = 4.91 + 0.074¢ 1.3685 0.429
for En>6 MeV
HSD = 5,354 - 0,17(E-6) 1.3685 0.429

*All well depths in MeV; geometrical parameters
in fermis.

As a final preparatory step in our calcula-
tiona! effort, we computed direct-reaction con-
tributions to fnelastic scattering
cross sections from collective levels using the
Distorted Wave Born Approximation (DWRA). Such
contributions are

neutron

important over the energy
range of interest and cannot be described using
Hauser-Feshbach or preequilibrium models. To
determine the deformation parameters necassary
for normalization of the DWBA results, we used
v.1u0912‘13 obtained

scattering measurements.

from proton f{nelastic

4. CROSS-SECTION RESULIS

With these preparations complete, we pro-
ceeded to cross-section calculations on ‘5“611
and 50'51V. some results of which appear {n

Fig. 1. Calculated ‘sTi(n.Zn) cross sections
(solid curve) are compared to datal4 in the
energy range from threshold to 16 MeV. The
agreement is good, especially considering that
no attempt has been made to optimize the calcu-
Within

this energy range the theoretical cross section

lations to this particalar reaction.

for the (n,2n) reaction involves only popula-
311 so that the
proper energy behavior of neutron transmission
coefficients
sults. Equally important is the proper descrip-
tion of competing reactions, particularly those

tion of discrete levels in

is essential for realistic re-

involving charged-particle emission, since %hey
dominate for this target nucleus. The calculc-
tions simultaneously reproduce such data well,
as {llustrated in Fig. 2 where a comparisor is
made to the 46Ti proton spectrum15 induced by
15-MeV neutrons. The anqreement is particularly
significant in the low-energy portion of the

spectrum, since this region encompasses protons
o
v
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FIGURE 1.

Calculated ¢2:4#T{(n,2n) values are compared to
experimental data.'* The dashed curve repre-
sents ‘P11 results while the solid curve indi-
cates similar cross sections for 4*1{(n.2n)
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FIGURE 2.
The calculated proton emission spectrum in-
duced by 15-MeV neutrons on *€Ti is compared
to experimental data.lS
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Calculated B'v(n,2n) (solid curve) and 3°V(n,2n)
(dashed curve) cross sections are compnntd to
available experimental results!® (for V)

from the (n,np) process. that compete directly
with the (n,2n) reaction. Returning to Fig. 1,
the dashed curve shows the predicted behavior
of the (n,2n) reaction on the unstable (t1 =
3.08 h) %571 target nucleus. Although the 4,
(n,2n) threshold lies significantly lower than
for 46T1(n.2n). the 14-MeV cross section is
still fairly small (less than 100 mb), because
of sizable competition from charged-part cie
emission.

Figure 3 compares calculated (n,2n) cross
sections with data14 avajlable for naturally-
occurring vanadium isotopes. In this instance,
neutron emission is the dominant reaction mech-
anism rather than charged-particle emission as
was the case previously for ‘5'46Ti. [we did,
however, compare our caiculations with measured
values of 51V(n,p) and (n,a) reactions where we
found agreemenrt on the order of 10X, even
though magnitudes were
compared with (n,2n) values.] Ffor such (n,2n)
reactions the calculations are dominated by
transitions to discrete levels in the 49'5°v
residua)l

cross-section small

nuclei, so again a realistic low-
energy description of the neutron transmission
coefficients 1s important. The dashed curve
i1lustrates the calculated 50V(n,2n\ cross
section for which no experimental data exists

Its threskold lies about 2 MeV lower than for
51V(n,?n). but around 14-MeV the cross sections

are comparable.

5. CONCLUSIONS

These examples {llustrate the use of a mod-
ern nuclear reaction code such as GNASH to cal-
culate activation cross sections important for
fusion reactor applications. These rosults
also {)lustrate that, with proper care in
parameter deterwmination, realistic theoretica)l
cross sections can be obtained even in the case
of ainor reaction peths. Such calculations can
theraby be used with confidence to provide

nuclear data in i{nstances where experimental



measurements are difficult (such as on a rare
isotope) or totally impractical, as !n cases
involving unstable targets.
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